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TEMPERATURE COMPENSATING CIRCUIT, TEMPERATURE 
COMPENSATING LOGARITHM CONVERSION 
CIRCUIT AND LIGHT RECEIVER 

BACKGROUND OF THE INVENTION 

The present invention is related to a 
logarithm conversion circuit and the like, which detect 
light reception input intensity from a current of a 
. 5 photodiode of a light receiving circuit employed in an 
optical communication system, and monitor the detected 
light reception input intensity, and more specifically, 
is related to a temperature compensating circuit 
thereof* 

10 In general, as is well known in the art, in 

order to perform a logarithm conversion, both a current 
under measurement and a reference current are supplied 
to two sets of bipolar elements, and then, a voltage 
difference between bases and emitters is derived - 

15 However, since a bipolar element contains a coefficient 
which is directly proportional to an absolute 
temperature as an inherent characteristic, a gain which 
is inversely proportional to the absolute temperature 
must be applied by a temperature compensating circuit 

20 in order to obtain a logarithm of a ratio of a current 
to be measured to a reference current irrespective of a 

r 

temperature • 

Conventionally, a temperature compensating 



circuit contained in a logarithm conversion circuit is 
arranged as shown in Fig. 2, as represented in a 
publication 1 ( "Practical Operational Amplifier 
Circuit" written by Hideo Tsunoda, pages 40 to 41, 
5 Tokyo Electric University publishing section r July 20, 
1983), and a publication 2 ("operational Amplifier" 
edited/translated by Y. Kato, pages 298 to 305, Macgrow 
Hill K.K., June 30, 1983). Reference numeral 11 shows 
a temperature sensing resistor, reference numeral 12 

10 indicates a resistor, reference numeral 13 represents 
an operational amplifier, reference numeral 14 denotes 
an input terminal, and reference numeral 15 represents 
an output terminal. This operation is the positive- 
phase amplifier well known in the art. A voltage gain 

15 defined from the input terminal 14 of the positive- 
phase amplifier to the output terminal 15 thereof may 
be determined by both the temperature sensing resistor 
11 and the resistor 12 of the feedback circuit which is 
connected to the inverting input terminal of the 

20 operational amplifier 13. That is, this voltage gain 
is equal to (Rn + Ri2)/Ru (note that symbol "Rn" shows 
resistance value of temperature sensing resistor 11, 
and symbol "Rij" indicates resistance value of resistor 
12). Since the temperature sensing resistor 11 owns 

25 such a temperature coefficient of approximately 

0.39%/''C, such a gain is obtained which is inversely 
proportional to the absolute temperature. As the 
temperature sensing resistor 11, a metal such as 
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platinum is utilized as a resistance member. 
SUMMARY OF THE INVENTION 

An object of the present invention is to 
provide a low-cost light receiving monitor circuit 
5 operable in high precision without a temperature 

dependent characteristic, while employing a logarithm 
conversion circuit containing a temperature 
compensating circuit, is also to provide a light 
receiver and an optical communication system, 

10 Very recently^ in an optical communication 

system, since light reception input intensity is 
monitored, abnormal conditions of a light transmitter, 
a transmission path, and the like, which constitute 
light transmission sides, are detected. Then, warning 

15 information of the abnormal conditions, and also 

interruption of the optical communication system are 
required- 

However, when a current derived from a 
photodiode is merely monitored, for instance, in 

20 accordance with the recommendations of the ITU-T 

( International Telecommunication Union-Telecommuni- 
cation Standardization Section), the light reception 
input strength becomes -28 to -^8 dBm in STM-4, and 
becomes -28 to -9 dBm in SMT-16. It is required to 

25 represent such a light reception input strength range 
which is approximately 100 times higher than the light 
reception input strength. As a result, a logarithm 



conversion circuit for converting the light reception 
input strength into a strength in a logarithm scale is 
necessarily required. 

Furthermore, there are many cases that an 
5 avalanche photodiode (will be abbreviated as an "APD" 
hereinafter) is employed/ while optical communication 
systems are constructed in long transmission paths. In 
general, an APD is used in such a manner that a current 
multiplication ratio specific to this APD is reduced in 

10 a high level range of a light reception input level. 
As a result, in order to monitor a current of the 
avalanche photodiode, it is desirable to provide a 
function for correcting a change in the current 
multiplication ratio other than a temperature 

15 compensation made in a logarithm conversion circuit. 

Also, since the high-cost platinum resistors 
and the like are used in the conventional temperature 
compensating circuit, there is a drawback that the low- 
cost light receiving monitor circuit could not be 

20 realized. 

The present invention may remove the above- 
described drawbacks, and may provide a low-cost light 
receiving monitor circuit operable in high precision 
without having a temperature dependent characteristic, 
25 while employing a logarithm conversion circuit 

containing a temperature compensating circuit, and also 
may provide a light receiver and an optical 
communication system. 
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A temperature compensating circuit, according 
to an aspect of the present invention, is featured by 
comprising: a first circuit network between an 
inverting input terminal of an operational amplifier 
5 and an output terminal of the operational amplifier; 
and a second circuit network between the inverting 
input terminal of the operational amplifier and a 
reference potential; wherein: at least one of the first 
circuit network and the second circuit network is made 

10 of an arrangement containing a plurality of series- 
connected thermistor/resistor pairs in which the 
thermistors are connected parallel to the resistors; 
and the temperature compensating circuit compensates a 
temperature-dependent signal which is inputted into a 

15 positive phase input terminal of the operational 
amplifier, and outputs the temperature^compensated 
signal. 

Also, a temperature compensating circuit, 
according to a modification of the present invention, 

20 is featured by comprising: a first circuit network 

between an inverting input terminal of an operational 
amplifier and an output terminal of the operational 
amplifier; and a second circuit network between the 
inverting input terminal of the operational amplifier 

25 and a signal input terminal thereof; wherein: a 
positive phase input terminal of the operational 
amplifier is connected to the ground; at least one of 
the first circuit network and the second circuit 
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network is made of an arrangement containing a 
plurality of series-connected thermistor/resistor pairs 
in which the thermistors are connected parallel to the 
resistors; and the temperature compensating circuit 
5 compensates a temperature^dependent signal which is 
inputted into the signal input terminal of the 
operational amplifier, and outputs the temperature- 
compensated signal. 

Also, the temperature compensating circuit is 

10 featured by comprising a logarithm converting circuit, 
wherein: an output terminal of the logarithm converting 
circuit is connected to the input of the above^ 
explained temperature compensating circuit. 

Also, a temperature compensating logarithm 

15 circuit, according to another aspect of the present 
invention, is featured by comprising: a third circuit 
network between the output terminal of the above-^ 
explained temperature compensating logarithm converting 
circuit and a positive phase input terminal of a second 

20 operational amplifier; and a fourth circuit network 
between the output terminal of the second operational 
amplifier and the positive phase input terminal 
thereof; in which at least one of the third circuit 
network and the fourth circuit network is made of an 

25 arrangement containing a plurality of series-connected 
thermistor /resistor pairs in which the thermistors are 
connected parallel to the resistors; and in the case 
that a gain defined from the inverting input terminal 



of the second temperature compensating circuit up to 
the output of the second operational amplifier is equal 
to (1 + G), a gain defined from the positive phase 
input terminal of the pre-staged operational amplifier 
5 up to the output of the pre-staged operational 
amplifier is nearly equal to (1 + (l/G)). 

Also, a temperature compensating logarithm 
converting circuit, according to another aspect of the 
present invention, is featured by comprising: an adding 

10 circuit for entering thereinto a voltage of one output 
unit of the logarithm converting circuit as a first 
input, and for entering thereinto a voltage of the 
other output unit of the logarithm converting circuit 
as a second input, in which an output of the adding 

15 circuit is equal to a summation between p-times 

multiplied first input voltage (p > 0) and (1 - p) 
times multiplied second input voltage; a bipolar 
element in which the output voltage of the adding 
circuit is applied to the emitter thereof; a resistor 

20 whose one terminal is connected to the base of. the 
bipolar element; and a voltage follower circuit in 
which one terminal of the resistor is connected to the 
input unit thereof, and the output unit thereof is 
connected to the first voltage; wherein: a potential 

25 difference between the output unit of the second 

operational amplifier and the other terminal of the 
resistor is outputted. 

Also, the temperature compensating logarithm 



converting circuit is featured by that the second input 
of the adding circuit is a voltage appeared on the 
second output terminal of the logarithm converting 
circuit. 

5 Also, the temperature compensating logarithm 

converting circuit is featured by that the adding 
circuit is comprised of a resistor divider, and a 
second voltage follower for entering thereinto a 
potential at an intermediate , point of the resistor 

10 divider; both ends of the resistor divider are the 

input terminals of the adding circuit; and the output 
terminals of the second voltage follower are the output 
terminals of the adding circuit. 

Also, a light receiver, according to another 

15 aspect of the present invention, is featured by 

comprising; a light receiving element for receiving a 
light signal; a first amplifier for amplifying the 
signal which is photo-electrically converted by the 
light receiving element; a second amplifier for further 

20 amplifying the output signal of the first amplifier; a 
discriminating/reproducing device for discriminating/ 
reproducing the output of the second amplifier to 
output the reproduced signal; a timing extracting 
device for extracting a clock component from the output 

25 of the second amplifier to output the clock; and a 

temperature compensating logarithm converting circuit 
for entering thereinto a portion of the output signal 
of the light receiving element to convert the entered 



signal into a logarithm,- whereby a light reception 
input intensity monitored signal is outputted. 

As previously described in detail, in 
accordance with the present invention, while using the 
5 logarithm converting circuit containing the temperature 
compensating circuit, it is possible to provide a low- 
cost light reception monitor circuit, a low-cost light 
receiver, and a low-cost optical communication system, 
which are operable in high precision without having the 
10 temperature dependent characteristic - 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram for showing a 
first embodiment mode of the present invention; 

Fig. 2 is the temperature compensating 
15 circuit contained in the conventional logarithm 
conversion circuit; 

Fig. 3 is a graphic representation for 
visually supplementary-explaining a temperature 
characteristic of (Rj + Rj); 
20 Fig. 4 is a diagram for explaining a 

designing method used in such a case that a B-constant 
9f a thermistor is approximated to an infinite value; 

Fig. 5 is a graphic representation for 
describing a problem occurred in such a case that the 
25 B-constant is approximated to approximately 3,000 to 
5,000 K; 

Fig. 6 is a graphic representation for 
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explaining an approximated solution which is obtained 
under condition of Bj/Ti = Bj/Tj = B3/T3 by varying Bj in 
several steps; 

Fig. 7 is a graphic representation for 
5 showing an error-to-B constant which is calculated by 
an approximated solution; 

Fig. 8 is a circuit diagram of a second 
embodiment mode according to the present invention; 

Fig. 9 is a circuit diagram for a third 
10 embodiment mode according to the present invention; 

Fig. 10 is a graphic representation for 
representing a monitor input /output characteristic; 

Fig. 11 is a graphic representation for 
explaining a shape of a curved line to be added; and 
15 Fig. 12 is a diagram for indicating an 

example of a light receiver containing a temperature 
compensating type logarithm converter. 

DESCRIPTION OF THE EMBODIMENTS 

Fig. 1 is a circuit diagram for showing a 
20 first embodiment mode of the present invention. A 
description will now be made of the first embodiment 
mode shown in Fig. 1. 

Reference numeral 1 indicates a resistor^ 
reference numeral 2 shows a resistor circuit network 
25 having a negative temperature coefficient, reference 
numerals 3 to 5 represent thermistors, and reference 

numeral 6 to 9 are resistors. As the thermistors, an 

\ 
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V 

NTC type thermistor is recoimnendable. This operation 
is a simple positive-phase amplifier. A voltage gain 
defined form a input terminal 14 to an output terminal 
15 is determined by the resistor 1 and the resistor 
5 circuit network 2, which are connected to an inverting 
input terminal of an operational amplifier 13, namely 
is (Rj + R?)/^! (note that symbol "R/' shows a resistance 
value of resistor 1, and symbol "R2". represents a 
resistance value of an resistor circuit network 2 ) • 

10 The resistor circuit network 2 is constituted by the 
thermistors 3 to 5 which are series-connected to the 
resistor 9, and also the resistors 6 to 8 which are 
connected parallel to the respective thermistors 3 to 5- 
In order to obtain a gain which is inversely 

15 proportional to an absolute temperature, the resistance 
value R2 is designed to have a proper negative 
temperature coefficient. It should be noted that the 
resistor 9 may be alternatively conceived as such a 
.circuit element formed by connecting thermistors having 

20 infinite resistance values in parallel thereto. 

A first qualitative description will now be 
made of a characteristic of the resistor circuit 
network 2. At this time, it is now assumed that the 
resistance values of the respective resistors, and the 

25 resistance values/B-constants of the respective 

thermistors are selected in proper manners. Since the 
thermistors 3 to 5 own sufficiently high resistance 
values in sufficiently low temperatures, R2 constitutes 
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a total value of the resistance values of the resistors 
6 to 9. While the temperature is increased, since the 
resistance value of the thermistor 3 is first decreased, 
is approximated to a total value of the resistance 
5 values of the resistors 7 to 9. When the temperature 
is furthermore increased, since the resistance value of 
the thermistor 4 is also decreased, Rj is approximated 
to a total value of the resistance values of the 
resistors 8 and 9. When the temperature becomes a 

10 sufficiently high temperature, since the resistance 
value of th,e thermistor 5 is also decreased, Rj is 
approximated to a resistance value of the resistor 9- 
Fig. 3 is a graphic representation for visually 
supplementary^explaining a temperature characteristic 

15 of (Rj + Rj) provided in the circuit of Fig. 1. An X- 
axis represents an absolute temperature and a Y-axis 
shows a resistance value. A curved line "A" indicates 
an-ideal value where a resistance value is inversely 
proportional to the absolute temperature. Assuming now 

20 that a lower temperature limit value is "T^" and an 

upper temperature limit value is "T^", Ri + Rj may own a 
temperature characteristic approximated to the curved 
line A within a predetermined temperature range Tl to T,,. 
In the below-mentioned explanation, it is now assumed 

25 that R3 to R5 show resistance values of the thermistors 
3 to 5, Rg to Rg represent resistance values of the 
resistors 6 to 9, and to T3 indicate temperatures at 
which the resistance values of the thermistors are made 
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coincident with the resistance values of the 
corresponding resistors connected parallel thereto. In 
this description, the temperatures to T3 will be 
referred to as "equi-resistance temperatures." For 
5 instance, while an attention is . given only to the 

resistor 6 and the thermistor 3^ a parallel composite 
resistor between the resistor 6 and the thermistor 3 is 
mainly defined only by the resistance value of the 
resistor 6 in a low temperature. On ^the other hand, 

10 since the resistance va^lue of the thermistor 3 is 

approximated to zero in a high temperature, a parallel 
composite resistor between the resistor 6 and the 
thermistor 3 is approximated to zero. At this time, 
while the temperature is varied, such a temperature at 

15 which the resistance value of the resistor 6 becomes 
equal to the resistance value of the thermistor 3 is 
defined as the equi-resistance temperature. 

In Fig. 3, a region "B" corresponds to + R^, 
and is a constant value irrespective of the temperature. 

20 A region "C" corresponds to a parallel resistor between 
R5 and Rg, is approximated to Rg in the low temperature, 
and is approximated to 0 in the high temperature, and 
is varied in the vicinity of the equi-resistance 
temperature T3. Similarly, a region D corresponds to a 

25 parallel resistor between R4 and R^, and is varied in 
the vicinity of the equi-resistance temperature Tj. A 
region E corresponds to a parallel resistor between R3 
and Rg, and is varied in the vicinity of the egui-^ 



resistance temperature Tj. As a result, Rj + is 
indicated by a curved line "F" as a total region of the 
regions B to and constitutes an approximated curved 
line with respect to the curved line A in the 
5 temperature range Ti to Ty. 

Next, a description will now be made of a 
method for determining the resistance values R3 to R5 of 
the thermistors 3 to 5, the R constants thereof, and 
the resistance values R^ to Rp of the resistors 6 to 9. 

10 A resistance value (namely, resistance value at 

reference temperature such as 25°C) of a commercially 
available thermistor, and a B constant thereof cannot 
be freely selected, but must be selected from a series 
of numeral values which are determined as standard 

15 values* As a consequence, a method for determining a 
final constant will become slightly cumbersome (will be 
explained later). However, at the beginning, a 
description will be made of such a fact that both the 
resistance values of the thermistor and the B constants 

20 thereof may be freely selected. For the sake of easy 
understanding, the B constants are sufficiently large, 
and therieafter, are sequentially approximated to 
practically available values. 

Fig. 4 is a diagram for explaining a 

25 designing method in the case that a B constant of a 
-thermistor is nearly equal to an infinite value, and 
the B constant constitutes a starting point when the B 
constant is practically available value. An X-axis 
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indicates an absolute temperature, and a Y-axis 
represents a resistance value/a predetermined 
resistance value- "1" of the Y-axis implies an error 
of 0. It should be noted that an "error" in this case 
5 is not expressed by a resistance value, but is 

indicated by a ratio. On the X-axis , a predetermined 
temperature range to Ty is equally divided by (n-1) 
with respect to a total number "n" (n = 3 in the 
following description) of the thermistors to be used, 

10 so that equi-resistance temperatures to T3 are 
obtained. At this time, a ratio "r" is equal to 
(Tu/Tl)^^^"^^^ While utilizing a similar triangle of Fig. 
4, an error do (r-l)/(r+l) is calculated on the Y-axis. 
When both (1+do) and (1-do) are used and are extended in 

15 parallel to the X-axis, both a straight line G and a 
straight line H are made. When straight lines I to L 
which are intersected with the straight line G and pass 
through an origin are drawn at the respective 
temperatures Ti,T2, T3 and T^, the respective straight 

20 lines I to L are intersected with the straight line H 
at the temperatures Tl, T^, Tj, T3. The straight line L 
corresponds to Rj + Rg;^ difference between the 
straight line K and the straight line L corresponds to 
a parallel resistor between R5 and Kg; a difference 

25 between the straight line J and the straight line K 
corresponds to a parallel resistor between and R-,; 
and a difference between the straight line I and the 
straight line J corresponds to a parallel resistor 
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between R3 and R^. As a result^^ (R^ + R2) is expressed 
by a broken line M shown as a wide line. The 
. resistance values of Rg to Rg are varied in the ratio of 
2do with respect to a preselected resistance value R^ at 
5 the equi-resistor temperatures to T3 corresponding 
thereto. These resistance values may constitute values 
which are inversely proportional to the equi-resistor 
temperatures T^ to T3- 

On the other hand, when the relationship is 

10 expressed by a formula irrespective of the magnitude of 
the B constant, the following formula (1) is obtained by 
employing such a fact that a relationship between the 
resistance va;lue R3 of the thermistor and the resistance 
value Rb of the thermistor at the absolute temperatures 

15 T3 and Ti, is given as follows: RjR^ ^ exp [B (T^*^ - T^"^) ] 
(note that symbol "B" is B constant) , and also the 
thermistor and the resistor corresponding thereto own 
the same resistance values at the equi-resistance 
temperatures T^ to T3 : 

20 [formula 1] 

resistance value/predetermined resistance value = (R^ + 
R,)/C/T 



RJ/C 



R,T/C 



R3T/C 



2 



2 
T 



B 



I 



T 



B 



2 



I 

T 



+ (R,+RJT/C 



1+e 



1+e 



1+e 



In this formula, symbols B^ to B3 show B 

constants of the thermistors, and symbol C indicates a 



constants 

In the case that (Rj + R^) is equal to 10 KQ 
at the temperature of 25''C (298 K)^ the value of the 
constant C is equal to 2.98 x 10^ [£2K], namely a 
provisional value in the design aspect. This value of 
the constant C may be replaced by a properly-selected 
value when a practically available circuit constant is 
determined, as will be discussed later. 

As previously shown in Fig. i, when the B 
constant is approximated to the infinite value, the 
corresponding thermistor at the respective points of 
the equi-resistance temperature is operated in the same 
manner to the switches , and the thermistor is 
shortcircuited on the upper side of the equi-resistance 
temperature whereas the thermistor is opened on the 
lower side of this equi-resistance temperature. As a 
result, an error becomes relatively large. However, 
when the B constant becomes small since an inclination 
(slope) defined from a high peak of the broken line up 
to a low peak located at a right side of this high peak 
becomes gentle, it may be predicted that the error 
becomes small . 

Fig. 5 is a graphic representation for 
explaining problems in the case that the B constant is 
approximated to approximately 3,000 to 5,000 K. That 
is, while a portion of large numbers of parameters is 
fixed, assuming now that Bj/Tj = Bj/Tj == B3/T3 so as to 
narrow a degree of freedom, this ratio is once reduced 



up to 270 to 22 (practically speaking, up to 
approximately 15). Similar to Fig. 4, an X-axis of Fig 
5 indicates an absolute temperature and a Y-axis 
thereof represents a resistance value/a predetermined 
resistance value. A group of curved lines corresponds 
to both the equi-resistance temperature and the 
resistance value, as explained in connection with Fig. 
4, and are obtained by varying only the B constant. 
The ratios of B^/T^ == Bj/Tj - B3/T3 are equal to 270, 120, 
68, 47, 33, and 22 in the order of large ripples. It 
may be expected that the ripple is decreased while the 
ratio of B^/T^ and the like is reduced. 

When the ratio is reduced to 33, a shift 
along a plus direction, a left-directed down, and a 
right-directed up become conspicuous in the vicinity of 
a center within a predetermined temperature range. In 
order to avoid these shifts, a new constant must be 
newly set by decreasing Tj, by increasing T3, by 
increasing Rg to Rg, and by decreasing Rg. 

This new constant is to realize such a shape 
that a ripple is extended up to a full^sized frame 
within a rectangular shape made by reducing the graph 
frame of Fig. 5 in the Y direction is compressed to 2d 
(symbol *^d" shows an error, and is smaller than do of 
Fig. 4). This shape is such a rectangular shape that 
in the case of each B2/T2, this rectangular shape is 
made of a shape surrounded by a straight line for 
connecting high peaks of a ripple to each other, a 
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straight line for connecting low peaks thereof to each 
other ^ Tl and This rectangular shape could be 

probably obtained by solving simultaneous equations in 
which values at three high peaks of a ripple and are 
5 obtained as (1 + d), values of three low peaks of the 
ripple and are obtained as (1-d), and also 
differential coefficients of six positions in the high 
peak and the low peak of the ripple are obtained as 0. 
However, since the simultaneous equations cannot be 

10 easily solved, the below-mentioned description will be 
made by employing an approximated solution obtained by 
the repetition calculation. Even if the simultaneous 
equations are solved by the mathematical manner to 
obtain a correct solution, the approximated solution 

15 must be calculated in order to finally use the 
realistic components (will be explained later). 

Fig. 6 is a graphic representation of such an 
approximated solution which is obtained in such a 
manner that "values at three positions on a high peak 

20 of a peak and become (1+d), and values at three 

positions on a low peak of a peak and Tl become (1-d)", 
while Bj is varied in several stages under conditions of 
Tl = 228 K (-45'*C), T^ = 363 K (-SO'^C), and B^/T^ = B^/T^ = 
B3/T3, and further, the equi-resistance temperatures T^ 

25 to T3, the resistance values to Rg, and the resistance 
value (Ri+ R^) are adjusted on the calculation manner 
every stage. In Fig. 6, an X-axis shows a temperature 
and a Y-axis indicates an error ( % ) • As a method for 
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calculating an approxiinated solution> first of all, Bj 
is set to the largest desirable value, and both the 
resistance value and the equirrresistance temperature as 
described in Fig* 4 are selected as an initial value - 
5 Both the resistance value and the equi-resistance 
temperature are gradually moved one by one in such a 
manner that "values at three positions on a high peak 
of a peak and T^, become (1+d), and values at three 
positions on a low peak of a peak and become (1-d)." 

10 When the solution is obtained, the second largest Bj is 
selected. While using the preceding approximated 
solution as a starting point, the adjustment is again 
carried out. Since the ratio of Bj/Tj and the like is 
successively decreased, the graphic representation of 

15 Fig. 6 is obtained. 

A table 1 is a constant table corresponding 
to Fig. 6. A column of this table 1, in which Bj is 
infinite, is a constant corresponding to the 
explanation of Fig. 6. It should be noted that columns 

20 of infinite value, 3,900 K and 3,300 K are omitted from 
Fig. 6, for the sake of easy observation. It may be 
confirmed that a new constant is present based upon Fig. 
6 and the table 1 . , 



- 21 - 



0) 

a 
.-I 

> 

Q) 
4J 
•H 

C 

c 

•H 



u 
o 
u 
u 

0) 



u 
o 
-p 

•H 

w 
0) 



0) 

o 
c 

-p 

CO 

■rH 

CO 
Q) 
M 
I 

:3 



0) 
Q) 

B 

Q) 4-) 



00 



CM 



00 

in 



in 



in 



in 

CN 



o 



in 
in 



rn 

rn 



00 



CM 







0 


a^ 




CM 


0 


0 


0 


0 


0 


0 



1—1 


0 


0 


0 


0 


0 


in 


0 


Q 


0 




VD 




in 


V£> 


0 




0 




CN 


in 


in 


00 




m 


V£> 


a> 


00 






CN 


f— 1 




VD 




rr> 


CN 




0 






m 




CD 


00 


00 


00 


00 


00 


00 













o> oooooooo or^ 

o oinroo<x>vDi— ioor^'«:i« 

^(TiroOO'^rCNro^OOCN 

o cNCN oorn^invDr-QOO 

o ooooocpoor^in 

m ino-)inovDvooo*ovDO% 

CN "^'^ininvDVD t^oo^ytt-H 

1-1 ^rHi-Ht-Hi-H rHi-Hr-li-ICN 

ro OOO O OOOOCTkOO 

i-i Oln oooolno<7^^^ 

in ro <N CM VD VD in O O r-H 

no vDr^oocrvocNin a\ ^ o 

rH r-»rHrHrHCNCNCNCNfO^ 





VD 


0 


0 


0 


0 


0 


0 


VD 


0 


0 


0 






0 


06 




0 




CN 


in 


in 


0 




rn 
























H 


ro 


0 


rH 


ro 


in 




0 








in 




CN 


ro 


ro 


ro 


ro 


ro 








in 


VD 




ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


no 


ro 


ro 






in 


0 


0 


0 


0 


in 


vb 


0 


CM 


00 




VD 


in 


ro 








00 


in 


CM 


VD 


ro 


CN 
























H 
















00 


a\ 


0 


CN 




00 


00 


00 


00 


00 


00 


00 


00 


CO 








CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 




rH 


in 


0 


0 


in 


0 


0 


in 


CN 


in 








in 


r- 




ro 


00 


rH 






CM 


rH 


t-l 


























vo 


0 


00 




vo 




ro 


CD 










in 


in 














ro 


ro 


ro 




CN 


CN 


CM 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 



(D 
•H 
•H 



cn 
u 



o 
o 

O 
CM 
CN 



O 
O 

o 
in 



o 
o 
o 

CN 



O 
O 

o 
o 



0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


CN 


do 


vo 




a\ 


ro 


CO 


VD 


in 




ro 


ro 



C3 



II 



II 

EH 

Oi 

II 

E-i 

<;-« 
ft) 



ro 
ro 

U 

o 

O 
CT> 
II 

H 



00 

CN 
CN 

U 

o 

in 

t 
tl 

>-) 
H 



a 
o 

+J 
•H 

13 

O 
O 

C 

O 
-H 

m 

rH 

O 

rH 

03 
O 



- 22 - 

Fig. 7 is a graphic representation for 
showing a characteristic of an error-to-B constant 
which is calculated by an approximated solution. An X- 
axis of Fig. 7 shows a B constant, and a Y-axis thereof 
5 indicates an error (%)• Both a total number of 
thermistors and a temperature range are used as a 
parameter. In the case that two sets of thermistors 
are employed, a calculation is made under condition of 
Bi/Ti = B2/T2. In the case that three sets of 

10 thermistors are employed, a calculation is made under 
condition of Bj/Tj = Bj/Tj = B3/T3. Also, in Fig. 7, 
while the temperature range of 100 deg is -25 to IS^'C; 
the temperature range of 135 deg is -45 to 90°C; and the 
temperature range of 180 deg is -55 to 125*^0, the 

15 calculation is carried out. When a total number of 

v 

thermistors is selected in correspondence with a 
preselected temperature range with having the B 
constant on the order of 3,000 to 5,000 K, namely 
commercially available, a practically sufficient error 

20 (for example, within 0.1%) can be achieved. 

In the above-described explanations, the 
following two different problems are neglected. That 
is to say, as one problem, both the resistance value of 
the thermistor and the B constant thereof must be 

25 selected from the actually limited numeral values (for 
example, resistance value is E-6 series, B constant is 
3250 K with respect to nominal resistance/22 to 150 Q, 
and B constant sequentially becomes 3650, 4100, 4550, 
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and 4750 K every time nominal resistance is increased 
by one digit). As the other problem^ it is so assumed 
that Bi/Ti = B2/T2 = B3/T3. However, since the B constant 
cannot be freely selected in the actual case, this 
5 assumption cannot be satisfied. Next, a description 
will now be made of a method capable of solving these 
problems. In Fig. 6, while one curved line with 
employment of the realistic value is used as a starting 
point, the resistance value Rg^ of the thermistor 5 at 

10 the equi-resistance temperature T3 is determined to be 
equal to approximately Rg- Furthermore, while paying an 
attention to such a fact that an absolute value of a 
resistor does not contribute a characteristic, since it 
is a coefficient circuit, the value of (R^ + R2) is 
. 15 changed in such a manner that the resistance value R5 of 
the thermistor 5 at the equi-resistance temperature T3 
is made coincident with Rg. Subsequently, a selection 
is made of such thermistors whose resistance values at 
the equi-resistance temperatures Tj and are 

20 approximated to and R^, respectively. Next, a fine 
adjustment is carried out so as to minimize the error - 
In this case, there are the following most important 
factors. Firstly, the thermistor must be set out from 
the adjusting subject. Secondly, since the heights 

25 between the high peaks of the ripple, or the heights 

between the low peaks of the ripple are not always made 
coincident with each other, a proper compromise is 
required. Also, it is assumed that the resistance 
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value calculated as the result of fine adjustment other 
than the thermistor is realized by a composite 
resistance of plural resistors. 

The above-described explanations may reveal 
5 such a fact that in accordance with the first 

embodiment mode of the present invention shown in Fig. 
1, the desirable characteristic could be realized by 
employing the realistic components. Also, the above- 
described explanation has been made in such a case that 

10 a total number of thermistors is selected to be n = 3. 
Alternatively, this explanation may be similarly 
applied to such a case that n = 2, or n is larger than, 
or equal to 4. 

Also, the above-described explanation has 

15 been made of the positive phase amplifier. 

Alternatively, this explanation may be similarly and 
apparently applied to an inverting amplifier- In this 
alternative case, while (Ri + Rj) is used as a feedback- 
sided resistor, a resistance value of an input side is 

20 selected to be an arbitrary value. 

The above-^described explanation is made of 
such a case that the gain of this circuit is inversely 
proportional to the absolute temperature. 
Alternatively, the constant calculating method 

25 explained in the description subsequent to Fig. 4 may 
be applied to other circuits. For example, there is a 
major different point. In the case of predetermined 
resistor Rj = C/T" (note m > 0), the straight lines I to 



L of Fig. 4 correspond to a curved line group which 
passes through an origin defined by multiplying T" by a 
coefficient. The error dp obtained when the B constant 
is approximated to the infinite value is larger than 
5 that of Fig. 4 if m > 1^ and is smaller than that of 
Fig. 4 if m < 1. The fact that the equi-resistance 
temperatures Ti to T3 at the starting point constitute 
the geometrical progression in combination with T^ and 
Tu is similar to that of Fig. 4. Furthermore^ in the 

10 case that there are different functions with the form 
of Ri = C/T"" and also there is such a form which can be 
hardly expressed in view of mathematical view^ a 
relatively approximated form with = C/T"" is selected 
so as to define a constant of the starting point. Then, 

15 these functions may be fitted to the original 
characteristics in the adjustment stage. 

In the above-described explanations, the gain 
of this circuit owns the negative temperature 
coefficient. Alternatively, the present invention may 

20 be applied to such a case that a positive temperature 
coefficient is realized. In this alternative case, the 
resistor 1 is replaced by the resistor circuit network 
2 in the circuit connection of Fig. 1. 

Fig. 8 is a circuit diagram of a second 

25 embodiment mode of the present invention. Now, a 
description will be, made of Fig. 8. 

As a circuit, there are provided a current 
mirror 16, a current amplifying circuit 17, logarithm 
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converting paired transistors 18, a reference current 
generating circuit 19, and a second temperature 
compensating (gain compensating ) circuit 20 in addition 
to a temperature compensating circuit 21 similar to 
5 that of Fig. 1. The entire circuit corresponds to a 
logarithm converting circuit. 

The operation of this logarithm converting 
circuit will now be summarized as follows: That is, a 
current supplied to a photodiode is mirrored by the 

10 current mirror 16, and after the mirrored current is 
amplified by the current amplifying circuit 17, the 
amplified current is injected to the emitter of one 
transistor of the paired transistors 18. At the same 
time, while a potential of this emitter is used as a 

15 positive-phase input of the temperature compensating 
circuit 21, the reference current generated by the 
reference current generating circuit 19 is injected to 
the emitter of the other transistor of the paired 
transistors 18. The positive-phase input corresponds 

20 to an inverted input for a post-staged transistor as an 
operational amplifier IC 104-Cl. At the same time, a 
potential of this emitter is applied via a voltage 
follower contained in the reference current generating 
circuit 19 to the second temperature compensating (gain 

25 compensating) circuit 20 so as to be gain-compensated. 
Thereafter, the gain-compensated emitter potential is 
applied to the inverting input terminal of the 
temperature compensating circuit 21. As is well known 
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in the art, both the emitter potentials at the paired 
transistors 18 are directly proportional to the 
logarithms of the respective injected currents, and a 
potential difference between both the emitters is 
5 directly proportional to a logarithm of a ratio of both 
the injected currents and an absolute temperature. 

The gain compensation executed in the second 
temperature compensating (gain compensating) circuit 2 0 
is provided in order to handle a differential input 

10 signal by the temperature compensating circuit 21. 
Concretely speaking, this second temperature 
compensating circuit 2 0 is employed so as to derive a 
voltage output from the temperature circuit 21. This 
voltage output is directly proportional to the 

15 potential difference between both the emitters of the 
paired transistors 18. When a gain with respect to the 
positive phase input of the temperature compensating 
circuit 21 is expressed as "1 + G" , a gain with respect 
to the inverted input is expressed as "-G". As a 

20 consequence^ when the gain of the temperature 

compensating circuit 20 is equal to (1 + G"^), a gain 
defined from both the emitters of the paired 
transistors 18 up to the output of the temperature 
compensating circuit 21 becomes 1 + G and ^ (1 + G). 

25 As a result, the output of the temperature compensating 
circuit 21 becomes (1 + G) times higher than the 
potential difference between both the emitters of the 
paired transistors 18. 
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On the other hand, since the gain (1 + G) of 
the temperature compensating circuit 21 is inversely 
proportional to the absolute temperature by a circuit 
network constructed of a resistor and a thermistor, 
5 which is similar to the circuit of Fig. 1, the gain (1 
+ G"^) of the temperature compensating (gain 
compensating) circuit 20 must be adapted to the 
temperature change. As a consequence, the circuit 
network constituted by the resistor and the thermistor 

r 

10 of the temperature compensating (gain compensating) 
circuit 20 may be formed by replacing the resistor 1 
and the resistor circuit network 2- However, in an 
actual circuit, with respect to such a fact that the 
output amplitude of the temperature compensating 

15 circuit 21 is 3V, the voltage to be canceled by the 
function of the temperature compensating (gain 
compensating) circuit 20 is equal to an emitter-to-base 
voltage of a transistor, which is smaller than 3 V by 
approximately one digit, and the error can hardly 

20 become conspicuous: Under such a reason, two 
thermistors are selected in the temperature 
compensating (gain compensating) circuit 20 in order to 
reduce the cost price. Also, while this logarithm 
converting circuit originally owns an error 

25 (fluctuation) as a totalized characteristic of large 

numbers of circuit components, a characteristic portion 
before being logarithm-converted is approximately 0.4 
dB (in direction along which output is lowered in low 



temperature) within a temperature range of -40 to 85''C, 
which is calculated by converting a light input of the 
photodiode. This characteristic portion (not shown) 
implies that while the temperature is used as the 
parameter, when the output voltage-to-input current is 
expressed by the logarithmic graph, the characteristic 
thereof is moved in parallel thereto in response to the 
temperature* This error of the parallel-moved 
characteristic portion may be canceled by introducing 
the canceling portion during the adjustment of the 
temperature compensating (gain compensating) circuit 20 
It should be noted that an error of the temperature 
portion after being converted may be introduced by the 
canceling portion during the adjustment of the 
teimperature compensating circuit 21. However, in this 
embodiment mode, since this error is about +0.1 dB to 
-p.l dB, this error is not introduced. The temperature 
portion (not shown) implies that while the temperature 
is used as the parameter, when the output voltage-to- 
input current is expressed by the logarithmic graph, 
the inclination thereof is varied in response to the 
temperature. 

In this case, the contents of the temperature 
compensating circuit 21 will now be supplementary- 
explained- A combination of three circuit elements, 
namely an operational amplifier (IC 104-1), a 
transistor (IC 107) equipped with a resistor 
functioning as an inverter, and paired transistors (IC 



103) functioning as a current source may be operated 
the operational amplifier of Fig. 1. The transistor 
(IC 107) equipped with the resistor is provided in 
order to solve such a problem that when the operational 
5 amplifier ( IC 104-1) is operated under single power 
supply, the output voltage is not lowered up to 0 V. 
Also, the paired transistors (IC 103) are employed so 
as to save a current consumption when the output 
voltage is derived up to 3 v under power supply voltage 

10 of 3.3 V. Since the inverter (IC 107) is connected to 
the operational amplifier ( IC 104-1), the polarity of 
the input terminal of the pperational amplifier 
functioning as the composite member becomes opposite to 
the polarity of the operational amplifier ( IC 104-1). 

15 A resistor circuit network of a feedback circuit is 
designed in order that such a gain inversely 
proportional to the absolute temperature is obtained in 
the temperature range of -45 to 90°C. 

As previously explained, in accordance with 

20 the second embodiment mode of the present invention, 
since the differential input signal can be handled by 
adding the temperature compensating (gain compensating) 
circuit 20, there is such a merit that the logarithm 
converting circuit can be arranged under single power 

25 supply, and the low-^cost logarithm converting circuit 
can be made. Furthermore, since it is possible to 
cancel the error contained in the parallel-moved 
portion of the output voltage-to-input current in the 
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logarithm graph, when the inventive idea is used in the 
logarithm converting circuit, there is another merit 
that the logarithm converting circuit having high 
performance can be achieved. 
5 In the above-description, the gain of the 

temperature compensating circuit owns either the 
. positive temperature coefficient or the negative 
temperature coefficient. Alternatively, the present 
invention may be applied also to such a case that the 

10 gain of the temperature compensating circuit requires a 
positive temperature coefficient in one temperature 
range, and a negative temperature coefficient in the 
other temperature range in such a manner that a 
resistor circuit network having a plurality of 

15 thermistors similar to the resistor circuit network 2 
is contained in two branches connected to the inverting 
input terminal of the operational amplifier. 

Fig. 9 is a circuit diagram for representing 
a third embodiment mode of the present invention- Now, 

20 the circuit diagram of Fig. 9 is explained. This 

circuit is featured by having such a function capable 
of correcting a change in a current amplification 
factor specific to an APD. 

In the case that a light receiving element is 

25 a normally available photodiode, a relationship between 
an output voltage of this circuit and an optical input 
(dBm) is indicated as a straight line "A" shown in Fig. 
10. On the other hand, in the case that the light 
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receiving element is an avalanche phptodiode^ there is 
such a well-known current multiplication factor which 
is determined by a breakdown voltage and a bias voltage. 
In general, in order that this circuit is used with 
5 such a bias circuit operable in such a manner that this 
current multiplication factor is lowered while the 
optical input is increased, an output voltage of the 
circuit in the case of no correction represents such a 
slightly saturatable characteristic as shown by a 

10 curved line B of Fig. 10. In the circuit of Fig. 9, 

various ideas are made in order that this curved line B 
is approximated to the straight line A. 

The circuit arrangement of Fig. 9 is arranged 
by a circuit equivalent to that of Fig. 8 and an 

15 additional circuit portion. Reference numeral 101 

shows a transistor; reference numerals 102, 106, and 18 
indicate paired transistors; and reference numerals 103 
to 104 and 107 represent resistors. Also, reference 
numerals 105 and 108 show voltage followers; reference 

20 numeral 114 shows an input terminal; reference numeral 
115 indicates an output terminal; reference numeral 16 
shows a current mirror; reference numeral 119 indicates 
a reference current generating circuit; and reference 
numerals 120 and 121 denote coefficient circuits of 

25 temperature dependent characteristics. 

Similar to the operation of Fig. 8, this 
operation is carried out as follows: That is, a current 
supplied from the input terminal 114 to the light 



receiving element is mirrored by a current mirror 16, 
and after the mirrored current is voltage-rshif ted by 
both the transistor 101 and the paired transistors 102, 
the voltage-shif ted current is injected into the 
5 emitter of one transistor of bipolar type paired 

transistors 18. At the same time, while a potential 
appeared at this emitter is used as a positive-phase 
input of a coefficient circuit 121, a reference current 
generated by a reference current generating circuit 191 
10 is injected into the other emitter of this paired 

transistor 18 • Simultaneously, a potential appeared at 
this emitter is applied to a coefficient circuit 120. 
Thereafter, the gain of this applied emitter potential 
is corrected by this coefficient circuit 120, and then, 

15 the gain-corrected emitter potential is applied to the 

/■"■ 

inverting input terminal of the coefficient circuit 121. 

The above-explained circuit portion of Fig. 9 
is equivalent to that of Fig. 8. Now, a supplementary 
explanation will now be made of a difference in the 
20 circuits, which is caused by a difference in designing 
conditions . 

Since the voltage which is applied from the 
current mirror 16 to the avalanche photodiode is high, 
for example, 5 0 to 70 V, a voltage across between both 
25 the collectors of the current mirror 16 is decreased by 
utilizing the voltage shifts made by the transistor 101 
and the paired transistors 102, so that the 
input /output current ratio of the current mirror 16 may 



be stabilized. The transistor 101 is operated as an 
emitter follower so as to determine both the emitter 
potentials of the paired transistors 102* Thus, a 
voltage between both the collectors of the current 
5 mirror 16 becomes substantially equal to a base-to- 
emitter voltage of the transistor 101. Also, since the 
avalanche photodiode performs the current 
multiplication, the current amplifying circuit which 
has been employed in Fig. 8 is no longer required. The 

10 reason why the reference current generating circuit 191 
does not contain the voltage follower which has been 
used in Fig. 8 is simply reasonable in order to reduce 
the cost. Since the power supply of the operational 
amplifier employed in the coefficient circuit 121 is +5 

15 V and -5 V, an output voltage range defined between 
-0.25 V and 1.85 V may be outputted only by the 
operational amplifier, so that both the inverting 
amplifier and the paired transistors which constitute 
the current source and have been employed in Fig. 8 may 

20 be omitted. 

Also, operations of the additional circuit 
portion are given as follows: That is, an intermediate 
potential between both the emitters of the paired 
transistors 18 is derived by a voltage divider 

25 constituted by resistors 103 to 104, and is converted 
into a low impedance by a voltage follower 105. 
Thereafter, a common current may be supplied to one- 
sided transistor of the bipolar type paired transistors 
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106 and also to the resistor 107. A potential appeared 
at a connection point between the paired transistors 
106 and the resistor 107 is read out by another voltage 
follower 108, and then is converted into a low 
5 impedance which will be applied to the cold side of the 
paired transistor 18. As a result, both the base 
terminal of the paired transistors 18 and the base 
tejcminal of the paired transistor 106 become the same 
potential, a current I3 of the paired transistors 106 

10 becomes as a function of currents and I2 of 

the paired transistors 18 due to the general 
characteristic of the bipolar element. In this case, 
symbol "p" is defined by p = R4/(R3 + R4), and 9 
corresponds to a function of resistance values R3 and R4 

15 of the resistors 103 to 104. Since the output from the 

i 

voltage follower 108 constitutes the reference 
potentials with respect to the paired transistors 18 
and 106 and the coefficient circuits 120 to 121, there 
is such an effect that a voltage drop by the resistor 

20 107 may raise the potential of the entire circuit. In 
other words, an output voltage V^^ of the coefficient 
circuit 121 while the ground potential is used as the 
reference is equal to a summation between a voltage V^ut 
obtained by logarithmically convert the input current 

25 and the voltage drop of the resistor 107. 

The added circuit portion will now be 
explained more in detail. The resistance values of the 
resistors 103 to 104 are selected to be large 
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resistance values in order that currents flowing 
through the resistors 103 to 104 due to the potential 
difference between both the emitters of the paired 
transistors 18 may becomes sufficiently smaller than 
5 the currents Ij and Ij. Also, since the potential at 
the positive phase input terminal of the voltage 
follower 105 is shifted by the high resistance values 
of the resistors 103 to 104 and also the bias current, 
another resistor is added also to the inverting input 

10 terminal so as to produce a shift having a similar 
magnitude. As a result, the voltage divided output 
from the resistors 103 to 104. may become the below- 
mentioned ( formula 2 ) V^^ based upon a voltage V^j of as 
emitter to which the current Ij is supplied, another 

15 voltage V^j of an emitter to which the current Ij is 
supplied, and the resistance values R3 and R4 of the 
resistors 103 to 104, while the base potential of the 
paired transistors 18 is used as the reference 
potential. Then, this voltage divided value of V^3 is 

20 applied between the emitter and the base of one 
transistor of the paired transistors 106. 

[formula 2] 



In order to match characteristics of 
transistors, since the paired transistors 106 employ 
25 the same sort as that of the paired transistors 18, a 
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current "I3" flowing through the paired transistors 106 
due to the voltage V^^ may be expressed by the following 
formula, while the saturation currents are equal to 
each other in the well-known relative formulae 
5 exp (qV^j/KT) and I2 # exp (qV^j/KT) (note that I^: 

saturation current, q: electron charge 1.6 x 10"^^(C), K: 
Boltzmann constant 1.38 x 10'"(J/K), and T: absolute 
temperature (K)): 
[ formula 3 ] 



= /, exp 



kT 



10 In other words, as previously explained, the 

current I3 of the paired transistor 106 is directly 
proportional to the current 1^. As illustrated by a 
curved line group of Fig. 11, when "p" is small, this 
current I3 is gently bent (namely, radius curvature is 

15 large), whereas when "p" is increased, the current I3 is 
rapidly bent (namely, radius curvature is small). As a 
consequence, various shapes may be realized by 
selecting "p". When this "p" is combined with the 
curved line B of Fig. 10 with a proper ratio, the 

20 current I3 may be approximated to a straight line "A" 
(note that in Fig. 11, the respective curved lines are 
adjusted to have the same values in -10 dBm in order to 
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compare shapes of curved lines, and a scale in Y axis 
is one example )- 

As indicated in the formula (3), the current 
I3 is also directly proportional to the current Ij^^"^^* 
5 This is a very important characteristic in the case 

that the logarithm converting circuit is used in a wide 
temperature range. As easily understood by tracing the 
formula (3) along the backward direction, since a 
summation between an exponent of the current and 

10 exponent of the current I2 is equal to 1, "p" is not 

involved in the formula of the current I3, but also both 
I3 and T which are related to the temperature own the 
same form as and the like. As a consequence, the 
formula (3) can be satisfied irrespective of the 

15 temperature. 

In the abover-rexplained description, the 
inputs of the adder circuit constituted by the 
resistors 103 to 104 and the voltage follower 105 are 
and Vd2* As apparent from the foregoing description, 

20 even when such a voltage drop is employed instead of V^j/ 
which is produced by supplying a constant current to 
another bipolar element, a similar effect may be 
achieved. 

When is used, the resulting circuit may be 
25 made simple and therefore may have advantages of 
compact/low-cost circuit. To the contrary, when a 
variation occurs, for instance, the output voltage is 
moved in parallel to the negative side of 300 mv, not 
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only the resistance value of the reference current 
generating circuit must be changed, but also the 
constant of the resistor 107 must be changed, resulting 
in cumbersome treatments • In other words, as to a 
5 monitor circuit of 100 mV/dB, the parallel movement of 
the output voltage to the negative side of 300 mV may 
be realized by multiplying the current Ij by 2. As a 
result, in the case of p = 0.5, since the current Ij 
becomes 1-414 times higher than l^f the resistance value 

10 of the resistor 107 must be changed to be 0.707 times 
larger than the original resistance value. The above- 
explained method for using the voltage drop which is 
obtained by supplying the constant current to another 
bipolar element may own such an effect capable of 

15 reducing these cumbersome changing operations. 

In the above-explained description, the 
voltage divider constructed, of the resistors 103 to 104 

* 

is directly connected to the paired transistors 18. 

Alternatively, even when this voltage divider is 
20 connected via a voltage follower to the paired 

transistors 18, a similar operation may be carried out. 

As previously explained, in accordance with 

this embodiment mode, the curved line which is adapted 

to the slightly saturated current-to-optical input 
25 characteristic of the avalanche photodiode may be 

selected to be added for the correction purpose. As a 
. consequence, it is possible to provide such an optical 

input monitor circuit having a linear output voltage- 



to-optical input characteristic. 

Fig. 12 indicates an example of a light 
receiver containing a temperature compensating type 
logarithm converter. The light receiver is arranged by 
5 - a front-end unit 33, a post amplifier 34, a 
discriminating/reproducing device 35^ a timing 
extracting device 36, a light input signal interrupt 
detector 37, and a temperature compensating type 
logarithm converter 38 of the present invention. The 

10 front-end unit 33 is constituted by a light receiving 
element 31 such as an avalanche photodiode (APD), and a 
preaimplif ier 32 for amplifying a very weak signal which 
is photoelectrically converted by the light receiving 
element 31. The post amplifier 34 amplifies the output 

15 signal from the preamplifier of the front-end unit 33. 
The discriminating/reproducing device 35 enters 
thereinto the output signal of the post amplifier 34 so 
as to discriminate/reproduce this signal. The timing 
extracting device 3 6 extracts a clock component. The 

20 light input signal interirupt detector 37 produces an 
alarm when a light input reception strength is 
deteriorated. It should be noted that a bias circuit 
39 corresponds to a high voltage generating circuit for 
APD. In such a case that a photodiode (PD) is used as 

25 the light receiving element 31,, the bias circuit 39 may 
be arranged by the normal bias circuit. 

With employment of this circuit arrangement, 
an optical signal which is received/entered from a 
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transmission path such as an optical fiber may be 
outputted as an electric signal, data, and a clock. 
Conventionally, the light receiver judges "1" or "O" 
based upon the output of the light input signal 
5 interrupt detector- However, since this system is 
employed, the deterioration information of the 
transmission path can be acquired in advance from the 
light input reception strength. As a consequence, the 
light receiver can receive the light signal having 

10 higher reliability. 

As previously explained, it should be noted 
that the circuit arrangement of Fig. 12 is a general- 
purpose circuit arrangement, and the PD may be 
conceived as the light receiving element 31 other than 

15 the APD. If the discriminating/reproducing device 35 
may have a high gain, then the post amplifier 34 may be 
omitted. To extract timing, such a circuit may be 
conceived which employs a PLL and a filter of an SAW. 
Alternatively, when the discriminating/reproducing 

20 function and also the timing extracting function are 
not required, both the discriminating/reproducing 
device 35 and the timing extracting device 36 may be 
omitted. The light input signal interrupt detector 37 
may make a judgement by checking an amplitude of a 

25 clock component, or alternatively, may be arranged by 
utilizing the temperature compensating type logarithm 
converter 38 of the present invention. Furthermore, an 
integral type light receiver may be constituted by 



adding a light transmitter to the light receiver of the 
present invention. 

On the other hand, when this circuit is 
mounted on the light transmitter, there is a merit 
5 while an output of a light emitting element is received 
by a monitoring light receiving element, a system 
similar to the above-described system may be employed- 

Furthermore, both the above-described light 
transmitter and light receiver, or the above-described 
10 integral type light transmitter /receiver is mounted on 
an optical communication apparatus, so that an optical 
communication system may be arranged. Normally, in 
such an optical communication system, when a first 
communication system is brought into a failure 
15 condition, the present communication system is required 
to be switched to a second communication system in 
order to improve reliability. Conventionally, the 
communication systems are switched by mainly using the 
output of the light input signal interrupt detector. 
20 The light input signal interrupt detector does not 
output the detection signal until the communication 
system is brought into the completely failure state. 
To the contrary, in accordance with the present 
technique, since the detection level of the 
25 logarithmic-converted monitor signal can be freely set 
by employing a comparator and the like, the failure can 
be previously sensed, and then, this failure 
information is transferred to the control unit of the 
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optical coiranunication apparatus. Thereafter, the 
control unit can transfer the information for switching 
the troubled communication system to the relevant units 
within this optical communication apparatus, and also 
5 to the optical communication apparatus functioning as 
the counter party apparatus . 

Also, in a so-called "WDM" optical 
communication system for multiplexing optical signals 
having a plurality of wavelengths to transmit 

10 multiplexed optical signals, light receivers are 
mounted with respect to each of demultiplexed 
wavelengths in an optical communication apparatus on 
the reception side. 

Since the light input signal detecting 

15 function according to this technique is employed in 
this light receiver, the failure condition can be 

grasped every wavelength, there is a further merit. 

There is no problem when an optical 
communication apparatus is installed in a perfectly 

20 air-conditioned area. More specifically, in optical 
communication systems, distances among optical 
communication apparatuses are very long, and 
environments under which these optical communication 
apparatuses are installed are different from each 

25 other. There are certain possibilities that some 

optical communication apparatuses are installed at bat ^ 
environmental outdoor places such as on a pole. As a 
consequence, since the light receivers containing the 
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temperature compensating type logarithm converting 
circuits designed by the same design concept can be 
applied to any environments, there is a great merit. 



